The melting of albite has been investigated in the presence of water in the pressure range up to 30 kb. Fixed amounts of water have been contained in the melts so as to satisfy the condition that the melt is saturated with water or PH2O=Pt up to a certain value of pressure, but at higher pressures the melt is undersaturated or PH2O<Pt.
The presence of water in the earth's interior is considered probable at present as well as in the early stages of the earth's evolution. This is supported by the geological evidence that hydrous minerals like phlogopite, amphibole, hydrous pyroxenes, and titanoclinohumite are included in rocks that are believed to have originated in the mantle (KUSHIRO, 1968; MCGETCHIN, et al., 1970) , and by geochemical evidence based on the isotope study of the geothermal water and estimation of outgassing of inert gases in deep-seated rocks and volcanic gases (MATSUO, 1970) .
The depression of the melting point in silicates affected by dissolved water is a problem of considerable geophysical and geological interest and has been investigated experimentally under the condition of PH2O=Pt for a long time by many workers (e.g., GORANSON, 1938) . However, the amount of water in the earth's interior is considered to be not so large; thus the condition of PH2O<Pt is more probable than that of PH2O=Pt. Thus it is necessary to investigate the melting relations of silicates under the condition of PH2O<Pt as well as PH2O=Pt. The depression of the melting point affected by dissolved water is rather simply interpreted qualitatively.
We consider the equilibrium:
At low pressures, the molar volume of water vapor phase is so great that dT/dPt<0.
At higher pressures, VH2O decreases considerably and it is possible that the sign of with as well as qualitatively pressure. In the case of PH2O=Pt, the theoretical work has been done quantitatively by GORANSON (1938) , WASSERBURG (1957), and KHITAROV (1970) . When PH2O=constant, Eq. (2) becomes which is equivalent to the Clausius-Clapeyron equation when PH2O=0. For a fixed followed by Eq. (4) when P*<Pt. The melting relations in this case were illustrated schematically by YODER and TILLEY (1962) and BROWN (1970) . Experimental work was done on basalt (SHIMADA, 1966 a, b) and on peridotite . SHIMADA (1969) also reported preliminarily the results on albite.
In the present work and the previous ones (SHIMADA, 1966a, b and 1969) , runs were carried out with a fixed amount of water. For a fixed amount of water, the interpretation mentioned above cannot be directly applied, but the circumstances are rather analogous. While the amount of water is greater than that corresponding to the solubility of water in the melt, water is saturated in Eq. (1) and PH2O=Pt, thus the melting curve is followed by Eq. (3). For the amount of water less than the solubility, water is undersaturated and PH20<Pt though PH2O is not constant but variable with pressure and temperature.
Experimental Method
The high pressure equipment used for this study was a single-stage piston-cylinder device.
A hardened steel liner 12mm in diameter was used in the tungsten-carbide of the vessel, and outside surface of the talc pressure-medium wrapped with 0.1mm lead foil were lubricated with molybdenum lubricant. Melting relations were determined by the quenching method. Charges after runs were examined both by X-ray diffractometer and petrographic microscope. In almost all runs the expected pressure and temperature were attained through the liquidus field (cf. BOYD and ENGLAND, 1963) . The friction correction was made for the pressure obtained in the process achieving the pressure-temperature conditions of each run. The magnitude of friction was determined based on calibrations using the transitions in bismuth and potassium chloride and the quartz-coesite transition at high temperatures, described elsewhere in detail (SHIMADA, 1971) . Uncorrected pressures from the previous results (SHIMADA, 1969) were also corrected and tabulated with new data here.
Temperatures were measured with chromel-alumel and platinum-platinum 13% rhodium thermocouples. Recently considerable efforts have been made to study the effect of pressure on the emf of thermocouples (e.g., GETTING and KENNEDY, 1970) , but in the present article no correction for thermocouples was made and the thermocouple used in each run is shown in the tables.
Glass was used as starting material for all runs. NaAlSi3O8 glass was synthetically prepared from Na2CO3, Al2O3 and SiO2. For comparison, glass of natural albite from Ontario, Canada, was also used for runs with the condition of PH2O=Pt. Finely ground glass, 1-2mg, and a small amount of water were sealed within platinum capsules. In the previous work (SHIMADA, 1969) , two groups of samples containing fixed amounts of water (10 and 14 wt%) were used. Each group was prepared at the same time and was considered to contain a fixed amount of water, but the uncertainty carefully, and samples containing from 15.6 to 16.3 wt% of water were chosen.
Experimental results are shown in Table 1 and Fig. 1 , for the condition PH2O=Pt or the albite melt is saturated with water. Synthetic albite glass was used for most runs and glass of natural albite was also used for comparison. BARTH, 1938) . The melting curve shown in Fig. 1 is identical with those of GORANSON (1938) and BURNHAM and JAHNS (1962) , though a slight discrepancy was shown in the previous uncorrected data (SHIMADA, 1969) . Three groups of samples with fixed amounts of water were prepared as described Table 2 . Results of runs on melting of albite with fixed amounts of water.
Continued Table 2. in Table 2 and Figs. 2, 3 and 4. They are summarized in Fig. 5 , in which the melting curve and phase boundary in the dry condition after BOYD and ENGLAND (1963 ), BELL and ROSEBOOM (1965 ), and BIRCH and LECOMTE (1960 are shown in dashed curves. Fig. 5 . Melting relations of albite-water system. Melting curue and albite=jadeite+ quartz equilibrium curve in dry condition after BOYD and ENGLAND (1963) , BELL and ROSEBOOM (1965) and BIRCH and LECOMTE (1960) . The melting point of albite with 16.0 wt% of water decreases with increase of pressure up to 10 kb along the water-saturated melting curve. At higher pressures, albite melts incongruently, and the temperatures of the beginning of melting decrease with increase of pressure along the water-saturated melting curve and the temperatures of the end of melting increase. In the region between the solidus and the liquidus, crystal and liquid coexist. The pressure of 10 kb where the incongruent melting begins is in good agreement with the results of the solubility of water in albite melt along the water-saturated melting curve. Thus, at this pressure and temperature albite melt is just saturated with 16 wt% of water. The solubility of water in albite melt determined by GORANSON (1938) , BURNHAM and JAHNS (1962) , and KADIK and LEBEDEV (1968) is shown in Fig. 6 . The melting relations on 10 and 14 wt% of water determined from rather few data (Figs. 2 and 3 ) also show good agreement with the results of solubility within the uncertainty of the amount of water. Figure 7 shows the isobaric sections for the albite-water system constructed based on the melting relations determined above. Abbreviations in the figure are written on the isobaric diagram of 16 kb, and this applies correspondingly to the other cases. The boundaries between the liquidus phase and liquid plus vapor are illustrated schematically from KADIK and LEBEDEV (1968) . Seventeen wt% of solubility of water in albite melt on the water-saturated melting point at 16 kb is proposed from the isobars of 16 kb. The solubility of water in albite melts obtained from Fig. 7 is shown in Fig. 6 by a dashed curve. It increases with pressure with lower rate suddenly above about 10 kb. The circumstances correspond to the results by KADIK and LEBEDEV (1968) that the isothermal solubility for 9000 atm lies lower than what would be expected from extrapolation from lower pressures.
When a fixed amount of water is present, the temperatures of the beginning of melting of albite coincide with the water-saturated melting curve. However, it should be noted that those of basalt and peridotite with a small amount of water do not coincide with the water-saturated solidus (SHIMADA, 1966b; KUSHIRO et al., 1968) . The solidus of basalt with a fixed amount of water is considered to coincide with the water- saturated solidus at lower pressures but not at higher pressures (Fig. 8) . The melting phenomena of a rock, or multicomponent system of minerals, in the presence of water will differ from that of a single mineral, besides being complicated from the multicomponent system. The isobaric phase diagram for the rock-water system will differ from one such as the albite-water system shown in Fig. 7 .
On the melting of albite in the presence of water, it is concluded that when water is present, even if the amount is only very small, the temperatures of the beginning of melting decrease with increase of pressure along the water-saturated melting curve, and their locus forms a single melting curve up to the pressure where the solubility of water in the melt reaches the concerned amount of water at the temperature of the water-saturated melting. At higher pressures there is a region where both solid and liquid coexist and the temperatures of the end of melting increase with pressure. In the case of rocks, the liquidus obeys the similar rule but the solidus does not (cf. Fig. 8) .
The large influence of a small amount of water on the melting of silicates in comparison with the water-saturated or dry condition is of considerable interest for the problems of the molten state in the earth's interior. For example, the role of water has been applied to the interpretation of the cause of the low-velocity layer (SHIMADA, 1966a, b) and to the earth's thermal history (CONDIE, 1968) .
The cause of the low-velocity layer is considered to be a high temperature gradient, a change in composition, a change in phase, or the onset of partial melting. ANDERSON and SAMMIS (1970) have examined the possibility of the cause of the low-velocity layer for these four cases using several seismic velocity profiles for the upper mantle and ultrasonic data, and they have supported the partial melting theory. MAGNITSKY (1971) has examined the evidence against the partial melting hypothesis as to the temperature in the mantle and the seismic velocity, and he has also supported the partial melting theory. From the facts that the melting relation of silicates with a small amount of water is quite different from that for the dry condition, and that there is no reason for believing that water does not exist at all in the earth's interior, it is suggested that the melting relation in the presence of water would be the only meaningful one in a discussion on the molten state in the earth's crust and mantle. This strongly supports partial melting as the cause of the low-velocity layer.
The nature of the low-velocity layer can be interpreted qualitatively by partial melting in the presence of water, but cannot quantitatively because the temperature in the earth's interior is determined with very low certainty. On the other hand, MAGNITSKY (1970) has determined the thermal gradient at the depth of the low-velocity layer adopting the hypothesis that its cause is the partial melting of peridotite for the condition of PH2O<Pt or of the presence of a small amount of water. It is well known that the earth's outer core is the molten state of an alloy composed of iron, nickel, and the lighter materials like silicon, carbon, or sulfer. The temperature is considered continuous at the core-mantle boundary. It is interesting that the temperature at the top and bottom in the mantle is at or near the melting point.
The melting gradient in the mantle is determined by using the theory of melting and the seismic velocity without assuming the constituent of the mantle, though the molecular weight or the coefficient of thermal expansion of the mantle must be melting point of iron, suggesting that the temperature in the outer core is distributed with depth on, or very near, the melting curve and that the adiabatic curve and the melting curve essentially coincide throughout the inner core. Assuming the temperature at the depth of 100-200km to be at or very near the melting point and the melting curve in the mantle to be that based on the theory of lattice defects, the temperature in the mantle also must be quite near the melting curve.
Thus, throughout the earth, excluding the crust, the temperature should be near the melting point.
